A ccessory pathways with anterograde decremental properties, referred to as Mahaim fibers initially, were thought to represent nodofascicular or nodoventricular accessory pathways. [1] [2] [3] [4] [5] [6] [7] [8] Subsequently, more evidence showed the majority of so-called Mahaim fibers were atriofascicular (AF) pathways or decremental atrioventricular (AV) pathways. 9 -20 Fusion between impulses conducted through such decrementally conducting accessory pathways and the His-Purkinje axis may result in narrow Quantronic Resonance System (QRS) complex without an apparent delta wave. Abnormalities suggesting the existence of minimal pre-excitation are limited. 17, 18 In the present study, we reported a new observation on ECG in patients with AF or decremental AV pathways during sinus rhythm.
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Methods
Study Population
We retrospectively analyzed 12-lead surface ECGs from 30 patients with accessory pathways of anterograde decremental conduction properties (10 AF pathways and 20 decremental AV pathways). All patients had a pre-excited AV tachycardia with anterograde conduction over anterograde decrementally conducting fiber. There were 17 males and 13 females, with a mean age of 36.7Ϯ11.9 years (ranging from 12 to 65 years). One had Ebstein anomaly; none of the others had underlying cardiac disease. We also analyzed the 12-lead ECGs during sinus rhythm in 200 individuals with palpitations and without structural heart disease, matched for age and gender as a control group.
Electrophysiology Study
All patients gave written informed consent before the ablation procedure. Three quadripolar catheters were placed at right ventricular apex, his bundle, and high right atrium. A decapolar catheter was positioned in the coronary sinus via the right internal jugular vein. Programmed atrial and ventricular stimulation was used for tachycardia induction and termination. Adenosine triphosphate (30 mg) was administered to determine the effect on AF or decremental AV pathway.
The anterograde decrementally conducting fiber was considered to be an AF pathway when the earliest ventricular excitation was recorded at the vicinity or right ventricular apex during tachycardia or atrial pacing with maximum pre-excitation. It was considered to be decremental AV when the earliest ventricular excitation was obtained along the tricuspid annulus. 14 
Mapping and RF Ablation
The target site for RF ablation was the atrial insertion of AF or decremental AV pathway. Mapping strategies were adopted as follows:
(1) recording of a discrete accessory pathway potential between atrial and ventricular signal 15, 16 ; and (2) assessing the shortest AV interval during atrial pacing at different sites along the tricuspid annulus. 14 
ECG Analysis
ECGs before and after radiofrequency ablation were examined by 2 independent observers for the presence or absence of changes of the QRS terminal vector. Discrepancies were resolved by consensus.
Minimal pre-excitation was defined as subtle abnormalities suggesting the presence of pre-excitation, with a PR interval Ͼ120 ms and a QRS complex Ͻ120 ms. Terminal QRS complex slurring or notching was defined as an elevation of the QRS-ST junction in at least 2 leads.
Statistical Analysis
Continuous values are presented as the meanϮSD. Unpaired t test was used for comparisons. A probability value Ͻ0.05 was considered significant.
Results
Preablation ECG findings
Eighteen patients fulfilled criteria of minimal pre-excitation (9 AF pathways and 9 decremental AV pathways). An rS pattern in lead III was found in 3 of 9 (33%) patients with AF pathways. The PR interval was not significantly different when comparing patients with and without minimal preexcitation (129Ϯ13 versus 135Ϯ14ms, PϾ0.05).
Eight (44%) of the 18 patients fulfilling criteria of minimal pre-excitation had subtle delta waves. In the remaining 10 patients (56%) (5 AF pathways and 5 decremental AV pathways), delta wave was absent; however, terminal QRS slurring or notching was clearly evident on the ECG ( Figure  1 ). The slurring or notching was observed in leads I, V5, and V6 commonly (100%, 80%, and 100%, respectively). None of the 5 patients with AF pathways had an rS configuration in lead III or left axis deviation during antidromic AV reentrant tachycardia. In addition, 7 patients (70%) had a Q wave in lead I, and 8 patients (80%) had a Q wave in lead V6. Table  1 shows these preablation ECG findings.
Effect of Atrial Pacing and Adenosine on the ECG Findings
At the onset of atrial overdriving pacing from the right atrial appendage or coronary sinus, delta waves appeared with terminal slurring or notching sustained unchanged in all 10 patients showing terminal slurring or notching. Sixteen patients responded with a conduction block in decrementally conducting fiber after infusion of adenosine triphosphate during atrial pacing (9 AF pathways, 7 decremental AV pathways). In 4 patients showing terminal QRS slurring or notching, adenosine triphosphate just caused a block in decrementally conducting fiber, and the atrial-paced beats conducted through the AV node with a normalized QRS pattern without terminal slurring or notching.
Comparison Between ECG Before and After Ablation During Sinus Rhythm
Radiofrequency ablation resulted in complete loss of preexcitation on the surface ECG in all 18 patients. In the 10 patients showing terminal QRS slurring or notching, slurring or notching disappeared immediately with the successful ablation ( Figure 2 ). There was no change in PR interval or the width of QRS complex in comparison to the preablation ECG ( Figure 3 ). The Q wave in leads I or V6 persisted after the ablation. No patients developed a new Q wave in lead I or V6. The 3 patients (AF pathway) with an rS configuration in lead III preablation showed a different QRS configuration after ablative therapy (qRs, qR, and Rsr, respectively). In the remaining 15 patients without minimal pre-excitation, there were no evident discrepancies in ECG during sinus rhythm. Table 1 and Table 2 , respectively, show the location of the atrial end of AF or decremental AV pathway and the distribution of terminal QRS slurring or notching. The atrial end is located over a large area around the tricuspid annulus, from midseptal to the anterolateral region. It is evident that in the patients showing terminal slurring or notching, the atrial end of the AF or decremental AV pathway is mainly located between the posterior and lateral tricuspid annulus region.
Relationship Between ECG Findings and Atriofascicular or Decremental Atrioventricular Pathway Location
Presence of Terminal QRS Slurring or Notching During Sinus Rhythm in the Controls
Terminal QRS slurring or notching was found in 6 patients (3%) (50% females; mean age 24Ϯ14 years). As show in Table 3 , terminal slurring or notching was predominantly found in lead II and aVF.
Follow-Up
No procedure-related complication occurred in these 30 patients immediately after ablation and during follow-up. All 30 patients were free of arrhythmias without antiarrhythmic drugs during a mean follow-up of 17Ϯ4 months (median, 18; range, 6 to 24). 
Discussion
In patients with anterograde decrementally conducting accessory pathways, the impulse may be conducted only through the AV node, only through the accessory pathway, and simultaneously through the AV node and the accessory pathway, resulting in various kinds of QRS configuration. In our study, we first report a high prevalence of terminal QRS slurring of notching in patients with AF or decremental AV pathways, and it can be the only manifestation of such fibers during sinus rhythm.
Prevalence of Terminal QRS Slurring or Notching in Patients With Atriofascicular or Decremental Atrioventricular Pathways
Minimal pre-excitation is reported to occur from 0% to 72% in patients with AF or decremental AV pathways. 14 -16,18,20 The abnormalities suggesting the presence of pre-excitation are delta wave, absence of Q wave in left precordial leads, and rS configuration in lead III. In the present study, minimal pre-excitation was found in 60% of patients with AF or decremental AV pathways, and 33% of patients with AF pathways had an rS configuration in lead III changed after ablation. Strikingly, in 10 patients (33%), terminal QRS slurring or notching was the only abnormality during sinus rhythm. It mainly presented in leads I, V5, and V6.
Mechanism of Terminal QRS Slurring or Notching in Patients With Atriofascicular or Decremental Atrioventricular Pathways
Adenosine has been shown to produce a conduction block in decrementally conducting fiber (92% in the AF pathway, 60% in the AV pathway). 19 Therefore, we speculate that sudden normalization of the QRS pattern after administration of adenosine triphosphate must result from a block of AF or decremental AV pathways. In addition, terminal QRS slurring or notching immediately disappeared when the decrementally conducting fiber was ablated, with no change in PR interval and the width of the QRS complex (Figures 2 and 3 ). These observations supported that slurring or notching on the terminal QRS complex is because of local pre-excitation over AF or decremental AV pathways.
Durrer reported the latest parts of the right ventricle to be activated usually were the pulmonary conus and the posterobasal area; in the left ventricle, it was the posterobasal area or the posterolateral area. 21 In our study, all decremental AV pathways with terminal QRS slurring or notching were located between the posterior and lateral tricuspid annulus region. Inserting of such decremental AV pathways into the base aspect of the right ventricle would result in reduction of the total activation time of the right ventricle, making the terminal left ventricle activation be unopposed, ultimately producing terminal QRS slurring or notching in leads I, V5, and V6. The mechanism of absence of the delta wave is related to the depolarization of the local ventricular myocardium not early enough to affect the initial part of QRS complex. 22 Sternick reported some AF pathways showing neither rS configuration in lead III nor left axis deviation during antidromic AV reentrant tachycardia were probably not inserting close to or in the right bundle branch. 18 So the mechanism of terminal slurring or notching in our AF pathway cases is proposed to be such fiber-inserting close to the latest activated area of the right ventricle, advancing the activation of the local ventricular myocardium but not early enough to write the delta wave on ECG, making the terminal left ventricular activation be unopposed, finally producing terminal QRS slurring or notching on the surface ECG.
In patients with neither delta wave nor terminal slurring or notching during sinus rhythm, we speculate the lack of pre-excitation is related to anterograde conduction in the AF or decremental AV pathway slower than impulse conduction through the His-Purkinje axis. 18 Another possible explanation is the AF or decremental AV pathway is being rendered refractory by concealed retrograde penetration into it from impulse over the AV node. 23 The terminal QRS slurring or notching was absent in all 8 patients with subtle delta waves. There was no difference in PR interval (121Ϯ6 versus 136Ϯ13 ms, PϾ0.05) by comparison with patients showing terminal slurring or notching. The location of the AF or decremental AV pathway was also analogous (Table 1) . Therefore, other factors may be involved in the genesis of terminal slurring or notching, and further studies are needed to clarify the mechanism of absence. 
Study Limitations
The present study had several limitations. Firstly, all of the data of patients with AF or decremental AV pathways were retrospectively analyzed. We didn't make systematical attempts at evaluating the effect of acceleration of heart rate on the terminal QRS slurring or notching in all patients. Secondly, there was day-to-day variability in the expression of minimal pre-excitation. 18 More frequent ECG recordings should been evaluated before the ablation procedure.
Conclusions
This study showed a high prevalence of terminal QRS complex slurring or notching in patients with AF or decremental AV pathways. It can be the sole manifestation of such accessory pathways during sinus rhythm, and disappearance of terminal slurring or notching can be the only hallmark of successful ablation visible on the surface ECG.
